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Abstract 


We  investigated  the  effects  of  vitamin  A  supplementa¬ 
tion  in  an  individual  with  abnormally  low  vitamin  A-con- 
taining  transthyretin-bound  retinol  binding  protein  (RBP) . 
Measures  of  spectral  dark  adaptation  and  spatial  contrast 
sensitivity  suggest  a  differential  return  of  parafoveal 
and  foveal  receptor  systems  during  supplementation.  Para¬ 
foveal  cone  systems  appear  to  return  more  rapidly  than 
foveal  cones  and  rods.  Post -supplementation  measurements 
of  spectral  dark  adaptation  demonstrated  a  crossing  of 
spectral  dark  adaptation  functions  at  6.5  minutes,  close 
to  the  appearance  of  the  rod  cone  break  attributed  to 
achromatic  measurements  of  dark  adaptation.  Contrast 
sensitivity  for  the  finest  spatial  frequency  showed  a 
delay  in  its  return  to  near  normal  levels  relative  to 
recovery  of  mid  to  low  spatial  frequencies.  While  meas¬ 
ures  of  serum  retinol,  total  RBP,  and  free  RBP  increased 
during  supplementation,  transthyretin-bound  RBP  failed  to 
show  any  increase  relative  to  its  abnormally  low  pre¬ 
supplementation  level.  Bodily  stores  of  vitamin  A  either 
require  more  time  to  return  to  normal  levels  than  retinol 
delivered  to  the  retina  or  this  individual  possessed  a 
specific  genetic  deficiency  in  the  bodily  mechanism  re¬ 
sponsible  for  storing  vitamin  A. 


Accesio.'  For 

NFIS  CRA&I 
one  TAB 

U<  announced 
Justification 


4 

□ 

□ 


By 

Distribution  I 


Availability  Codes 

Dist 

A-i 

Avail  and/or 

5pecial 

i 

1 

.  I 

i 


Vitamin  A  Supplementation  Effects  on  Photopic  and  Scotopic 
Visual  Function  and  Measures  of  Vitamin  A  Status 


INTRODUCTION 

He  have  investigated  in  an  otherwise  healthy  adult 
male,  who  had  markedly  elevated  dark  adaptation,  clinical¬ 
ly  normal  serum  retinol,  and  a  pale  appearing  retina.  He 
measured  the  effects  of  vitamin  A  supplementation  on 
spectral  dark  adaptation  and  contrast  sensitivity.  Three 
biochemical  tests  of  vitamin  A  status  were  utilized:  1) 
serum  retinol;  2)  total  immunological ly  active  retinol 
binding  protein  (RBP)  as  determined  by  radial  immunodiffu¬ 
sion;  and  3)  vitamin  A-containing  free-  and  transthyre¬ 
tin-bound  RBP  as  determined  by  high  performance  liquid 
chromatography  (HPLC) . 

Spectral  measures  of  dark  adaptation  utilizing  red 
and  green  light  emitting  diodes  (LEDs)  were  used  to  pro¬ 
vide  greater  separation  of  rod  and  cone  function  during 
supplementation  (1-3).  Spatial  vision  was  assessed  by 
contrast  sensitivity,  so  that  fine  as  well  as  gross  spa¬ 
tial  mechanisms  could  be  examined  during  supplementation. 
Retinal  receptor  thinning  induced  by  vitamin  A  deprivation 
(4)  may  alter  foveal  receptor  matrix  and  cause  changes  in 
visual  acuity  and  spatial  function  similar  to  functional 
and  morphological  alterations  observed  in  photic  maculopa- 
thy  (5,  6). 

Serum  retinol  is  one  of  the  most  commonly  used  meth¬ 
ods  for  detecting  vitamin  A  deficiency,  but  it  is  influ¬ 
enced  by  protein-calorie  malnutrition  or  alcoholism  and  is 
poorly  correlated  to  vitamin  A  body  stores  except  in  cases 
of  true  deficiency  or  toxicity  (7).  Retinol -binding 
protein  is  the  major  retinol-transporting  protein  in  blood 
serum  (8).  Usually  RBP  circulates  in  blood  in  a  1:1 
complex  with  transthyretin  (8),  but  a  significant  fraction 
of  free  RBP  (not  complexed  to  transthyretin)  is  believed 
to  be  present  in  the  blood.  Total  RBP  concentration,  as 
measured  by  radial  imrmnodif fusion,  is  influenced  by  the 
amount  of  vitamin  A  stored  in  the  liver  and  can  be  used  to 
detect  vitamin  A  deficiencies  (9,  10).  Unfortunately, 
total  RBP  is  also  influenced  by  liver  disease  and 
protein-calorie  malnutrition  (11,  12)  and  is  not  highly 
correlated  to  vitamin  A  body  stores  except  in  deficiency. 
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Recent  investigations  have  developed  techniques  for 
measuring  free  and  transthyretin-bound  RBP  (13,  14). 
Measures  of  free  RBP  correlate  highly  to  serum  retinol  and 
total  RBP  in  humans  with  adequate  or  marginal  vitamin  A 
status.  On  the  other  hand,  transthyretin-bound  RBP  is 
more  highly  correlated  to  liver  (and  presumably,  total 
body)  vitamin  A  stores  measured  in  marginally  deficient  or 
subtoxic  rats  than  free  RBP,  total  RBP,  or  serum  retinol 
(15).  Measures  of  transthyretin  bound  RBP  were  employed 
to  compare  normal  and  human  retinal  disease  (16). 

Methods 

Figure  1  presents  a  schema  of  the  apparatus  and 
procedures  used  to  measure  spectral  dark  adaptation. 
Spectral  test  stimuli  were  comprised  of  red  and  green  LED 
sources.  The  spectral  output  of  these  sources  are  shown 
in  the  lower  left  insert  of  this  Figure  as  the  C  and  E 
emission  spectra.  Other  emission  spectra  shown  were  not 
employed  in  the  present  study.  Pulse  width  modulation  of 
LEDs  sources  was  used  to  control  the  apparent  intensity  of 
each  LED  source.  Visual  threshold  LED  pulses  from  1 
microsecond  to  1  millisecond  depend  upon  energy.  LED 
amplitude  and  pulse  are  reciprocal  in  determining  visual 
threshold  (1-3). 

Red  and  green  LED  sources  were  arrayed  in  individual 
crosses  with  a  central  fixation  diode  (upper  left  insert). 
Measurements  of  dark  adaptation  were  made  at  either  16  or 
2  degrees  from  fixation  using  four  LEDs  equidistance  from 
the  fixation.  Red  and  green  crosses  were  alternated 
during  threshold  measurements.  The  subject's  task  was  to 
fixate  the  central  LED,  to  hold  his  fixation  on  the  cen¬ 
tral  LED  until  some  other  source  of  light  appeared  in  his 
peripheral  view.  At  this  time,  he  depressed  his  response 
button  until  the  light  in  his  peripheral  view  disappeared 
while  maintaining  central  fixation.  LED  threshold  meas¬ 
urements  were  alternately  measured  in  this  manner  through 
the  course  of  dark  adaptation. 

Dark  adaptation  functions  were  obtained  following  2 
minute  light  adaptation  in  a  36-inch  hemisphere,  fitted 
with  chin  rest  and  head  support  and  indirectly  illuminated 
with  a  tungsten  source  that  produced  a  uniform  illumina¬ 
tion  of  100  cda/m  .  In  the  upper  right,  a  sample  dark 
adaptation  function  from  one  individual  is  presented 
relative  to  upper  and  lower  bounds  representing  two  stand¬ 
ard  deviations  above  and  below  the  norm  for  this  test  (1- 
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3).  The  dynamic  range  of  this  function  and  the  absolute 
threshold  measured  with  the  green  LED  are  equivalent  to 
that  obtained  by  Sloan  (17). 

Measurement  of  contrast  sensitivity  was  made  with  a 
video  grating  contrast  sensitivity  apparatus  (Nicolet) 
over  a  spatial  frequency  range  from  0.5  to  22.8  Hz/degree. 

Serum  retinol  was  determined  by  a  Series  400  liquid 
chromatograph  equipped  with  an  LC  90  UV-Vis  spectrophoto- 
metric  detector  and  an  LC  100  computing  integrator  (Per- 
kin-Elmer  Corp) .  Chromatography  was  on  a  C18  reverse 
phase  column  (18,  19).  Total  immunol ogical ly  active  reti¬ 
nol-binding  protein  (RBP)  was  determined  by  radial  immuno¬ 
diffusion  (Behring  Diagnostics)  according  to  manufactur¬ 
er's  procedure. 

Vitamin  A-containing  free-  and  transthyretin-bound 
RBP  were  measured  by  molecular  exclusion  HPLC  with  fluoro- 
metric  detection  as  previously  described  with  the  excep¬ 
tion  that  Aero  LC  13  filters  were  used  instead  of  Mil  lex 
filters  (14). 

Results 

In  Figures  2a  and  2b,  spectral  dark  adaptation  func¬ 
tions  measured  for  the  red  and  green  LEDs  show  dramatic 
changes  in  the  shape  of  the  dark  adaptation  prior  to, 
during,  and  post-supplementation  periods.  The  functions 
for  the  red  LED  appeared  to  return  to  near  normal  levels 
within  the  first  3  days  of  supplementation.  The  function 
for  the  green  LED  shows  a  similar  trend  over  the  6  or  7 
minutes  of  dark  adaptation,  with  an  additional  increase  in 
sensitivity  that  appeared  near  the  end  of  supplementation 
and  increased  to  the  values  shown  in  the  13-day  post¬ 
supplementation  function. 

Prior  to  supplementation,  spectral  dark  adaptation 
functions  failed  to  cross.  Following  supplementation,  a 
crossover  occurs  between  6  and  7  minutes  of  dark  adapta¬ 
tion  (Figure  3). 

In  Figure  4,  log  sensitivity  is  plotted  as  a  function 
of  days  prior  to,  during,  and  post-supplementation. 

Changes  in  sensitivity  or  contrast  sensitivity  show  a 
steady  improvement  during  and  after  supplementation  with 
exception  of  the  23  Hz/deg  grating,  which  shows  a  dramatic 
increase  in  sensitivity  just  prior  to  the  termination  of 
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the  supplementation  period.  While  full  recovery  does  not 
occur,  sensitivity  for  all  spatial  frequencies  are  within 
or  very  close  to  one  standard  deviation  of  the  normative 
sensitivity  values  for  this  test  of  contrast  sensitivity. 

Vitamin  A  supplementation  increased  all  biochemical 
measurements  of  vitamin  A  (Figure  5)  measured  with  the 
exception  of  transthyretin-bound  retinol  binding  protein 
which  failed  to  change  throughout  the  supplementation  and 
post-supplementation  measurement  period. 

Clinical  measures  of  visual  acuity  increased  from 
approximately  20/30  to  20/20  about  the  same  time  that 
contrast  sensitivity  for  the  fine  spatial  frequency,  23 
Hz/deg,  occurred.  An  apparent  darkening  of  the  macular  was 
observed  during  the  supplementation  interval. 

Discussion 

The  sensitivity  of  vitamin  A-containing  transthyre¬ 
tin-bound  RBP  as  an  indicator  of  body  levels  of  retinol  is 
demonstrated  in  this  case.  Vitamin  A  supplementation 
dramatically  restored  photopic  and  scotopic  measures  of 
visual  function.  The  relative  increase  in  serum  retinol, 
total  immunological  RBP,  and  vitamin  A-containing  free  RBP 
during  supplementation  demonstrates  the  ability  of  these 
measures  to  reflect  retinol  concentrations  at  the  retina. 

Transthyretin  RBP  may  not  have  increased  during  this 
time  because  vitamin  A  body  stores  require  more  time  to 
normalize  relative  to  free  RBP.  On  the  other  hand,  the 
longer  time  for  restoration  of  transthyretin-bound  RBP  may 
result  from  either  an  acquired  or  genetic  deficiency  or 
defect  in  the  storage  mechanism  of  retinol  or  the  RBP 
compl ex . 

Measurements  of  spectral  dark  adaptation  during 
supplementation  indicate  that  cone  function  returns  more 
rapidly  than  rod  function,  as  indicated  by  comparing 
peripheral  measures  of  spectral  dark  adaptation  for  the 
red  and  green  LED  functions  (Figures  2  and  3).  A  definite 
crossover  in  spectral  dark  adaptation  does  not  occur  until 
after  supplementation.  At  this  time  a  crossover  occurs 
between  6  and  7  minutes,  which  is  comparable  to  the  rod 
cone  break  measured  in  achromatic  dark  adaptation 
functions.  Measurement  of  contrast  sensitivity  further 
suggests  that  the  return  of  the  fine  spatial  frequency 
mechanism,  which  mediates  visual  acuity  and  should  reflect 
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foveal  cone  function,  is  initially  delayed  relative  to  the 
return  of  sensitivity  of  mid  to  low  spatial  frequencies. 

These  differential  effects  in  the  recovery  of  visual 
sensitivity  may  reflect  morphological  differences  between 
parafoveal  and  foveal  cones.  The  thinner  and  longer 
foveal  cone  outer  segments  may  have  more  difficulty  in 
absorbing  the  vitamin  A  molecule,  especially  with  the 
tightness  of  receptor  packing  in  the  normal  human  fovea, 
requiring  more  time  for  restoration  of  normal  retinal 
kinetic  functions.  If  vitamin  A  deficiency  does  produce  a 
thinning  of  human  retinal  photoreceptors,  as  shown  by 
Herron  and  Riegel  (4)  for  the  rat  rod  receptors,  then  it 
is  possible  that  such  effects  may  alter  the  foveal  photo¬ 
receptor  matrix  in  the  human  eye,  consequently  resulting 
in  a  small  acuity  change  associated  with  vitamin  A  defi¬ 
ciency.  Changes  in  foveal  packing  following  photic  macula 
damage  has  been  hypothesized  to  account  for  recovery  in 
studies  of  photic  foveal  damage  (5,  6).  Vitamin  A  supple¬ 
mentation  may  gradually  restore  the  altered  foveal  recep¬ 
tor  matrix,  accounting  for  the  delayed  increase  in  fine 
spatial  frequency  sensitivity. 

We  suggest  that  these  structural  factors  as  well  as 
differential  kinetics  of  rod  and  cone  vision  account  for 
the  hierarchical  return  of  central  and  peripheral  retinal 
receptor  function  exhibited  by  this  patient  during  vitamin 
A  supplementation. 
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Figure  1.  Schematic  illustration  o£  LED  dark  adaptation. 
Upper  right:  sample  dark-adaptation  function  showing  how 
the  threshold  pulse  width  decreases  in  dark  adaptation. 
Lower  right  shows  the  correlation  of  pulse  width  with 
apparent  intensity.  The  relative  spectral  transmission 
curves  of  the  LED  sources  available  to  this  apparatus  are 
shown  in  the  lower  left  corner.  The  C  and  E  diodes  were 
employed  in  this  experiment.  The  LED  light  sources  were 
arranged  in  a  cross  pattern  (upper  right).  They  were 
equated  in  peak  luminance  at  approximately  (12  X  10”6 
lm/(cm2  sr)  by  using  radiometric  measurement  from  an  EG&G 
580  Radiometer.  All  LEDs  in  both  horizontal  and  vertical 
meridians  were  adjusted  to  meet  this  luminance  output. 
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Supplementation  Effects  on  Red  LED 
Dark  Adaptation 


Figure  2a.  Spectral  dark  adaptation  for  the  red  LED  meas 
ured  prior  to,  during,  and  postvitamin  A  supplementation. 
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Supplementation  Effects  on  Green  LED 
Dark  Adaptation 
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Figure  2b.  Spectral  dark  adaptation  for  the  green  LED 
measured  prior  to,  during,  and  postvitamin  A  supplements 
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Comparison  of  Spectral  Dark  Adaptation 
Following  Vitamin  A  Supplementation 


Figure  3.  Postsupplementation  red  and  green  dark  adapta¬ 
tion  functions  showing  crossover  between  6  and  7  minutes. 
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Pre  and  Post  Changes  in  Contrast 
Sensitivity  for  Spatial  Frequency 
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Figure  4.  Log  contrast  sensitivity  vs.  days  prior  to, 
during,  and  postvitamin  A  supplementation  for  different 
spatial  frequencies.  Vertical  arrows  on  the  abscissa 
represent  the  beginning  and  end  of  the  supplementation 
period.  The  points  at  the  right  represent  the  normal  con 
trast  sensitivity  function  for  these  spatial  frequencies. 
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Changes  in  Biochemical  Measures  of 


Retinol  with  Supplementation 


Figure  5.  Relative  changes  in  biochemical  measures  of 
retinol -Serum  Retinol  (Serum  Ret),  Total  RBP,  Free  RBP, 
and  Transthyretin  bound  retinol  binding  protein  (TB  RBP) 
are  shown  prior  to,  during,  and  postvitamin  A  supplementa¬ 
tion. 
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